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§3. Design of the Detection System for 
TV-Thomson Scattering 
Yamada, 1., Narihara, K., Minami, T., 
Hayashi, H., and Yamauchi, K. 
We are designing a TV-Thomson scattering 
(TS) [1] for the measurements of electron 
temperature and density profiles of the LHD 
plasmas at a longitudinal section (10.5L-port) in 
addition to the main Y AGTS [2]. 
The green, second harmonic of Y AG laser is 
used for the incident beam in the TVTS. Therefore 
a standard, visible ICCD camera and imaging 
spectrometer can be used for the detection and 
analysis of the Thomson scattered photons. The 
detection system is very simple, comparing that 
for Y AGTS which uses two hundred 
polychromators and one thousand APD detectors. 
This is a great advantage in TVTS for easy system 
construction and calibration, leading high data 
reliability. However, an optimization of the 
spectrometer is required for the 'one-spectrometer 
and one-detector' system in the TVTS because 
Thomson scattering spectrum varies significantly 
both in shape and magnitude, depending on the 
electron temperature and density respectively. 
Firstly, the latter difficulty can be solved by 
using a high accuracy ADC with the resolution 
of 14 bit, even in the case of high stray light and 
plasma radiation expected. Next, we have 
designed the spectrometer and ICCD system 
carefully for the former problem. In Fig.1, typical 
power spectra of Thomson scattered photons are 
shown for Te = 10 e V -10 ke V. The upper and lower 
limits in wavelength are set by that of the incident 
laser and spectrometer used, respectively. The 
spectrum for 10 ke V is more than 30 times broader 
than that for 10 e V. Therefore, it is somewhat 
difficult to observe the wide range in temperature 
with high accuracy by using the 'one-
spectrometer, one-detector' system. For example, 
the wavelength resolution is 0.5 nm/pixel when 
150 g/mm grating mirror is equipped in the 
spectrometer. This is enough for the 10 ke V 
spectrum whose width is 250 nm but not good 
for 10 eV whose width is only 8 nm. It is noted 
144 
that the width will be reduced about a several 
nm to eliminate stray light efficiently. For higher 
temperature regions, even non-Maxwellian 
components that are expected in ECH phases 
might be clearly observed. However, lower 
temperature regions below 50 e V, the 
uncertainties are estimated to be larger than ± 10 
%. from analyses with a large number of mock 
data. In alternative, the error for low temperature 
region is improved when a 600 g/mm grating 
mirror is set while that for higher temperatures 
becomes worth. 
More systematic and sophisticated 
optimizations are now in progress to search the 
best operational condition by extending the 
current analysis procedures. 
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Fig.1: Typical Thomson scattering spectra 
for the LHD TVTS. 
References 
[1] Yamada, 1., et al., Ann. Rep. NIPS (1995-
1996), 101 (1996). 
[2] Narihara, K., et al., Ann. Rep. NIFS (1994-
1995), 92 (1995). 
